Muscarinic-receptor stimulation by 0.1 mM-carbachol in longitudinal muscle of the guinea-pig ileum increases the incorporation of [3H]inositol into inositol-containing phospholipid. This effect was blocked by 16juM-atropine. After 60min incubation, carbachol increased the accumulation of total inositol phosphates 20-fold in the presence of 10mM-Li+. Less than 20% of the total inositol phosphate corresponded to inositol 1-phosphate by ion-exchange chromatography, whereas of the remainder about two-thirds corresponded to inositol bisphosphate and one third to inositol trisphosphate. It is concluded that stimulation of muscarinic receptors in guinea-pig ileum enhances breakdown of polyphosphoinositides, suggesting that this may be a primary event associated with Ca2+ mobilization in the guinea-pig ileum.
Most of the myo-inositol in cells exists in the form of phosphatidylinositol (PI) and its two phosphorylated derivatives, phosphatidylinositol 4-phosphate (PIP) and phosphatidylinositol 4,5-bisphosphate (PIP2). Whereas PI is distributed in both intracellular membranes and plasma membrane (Rouser et al., 1968; Michell, 1975) , the lessabundant lipids, PIP and PIP2, appear to be present mainly on the cytosolic side of the plasma membrane (Buckley & Hawthorne, 1972; Soukup et al., 1978) . It has been previously shown that stimulation of muscarinic receptors in longitudinal smooth muscle of guinea-pig ileum increases labelling of PI with [32P]P043- (Jafferji & Michell, 1976; Sekar & Roufogalis, 1982) .
Recently, evidence has been presented in platelets (Billah & Lapetina, 1982; Agranoffet al., 1983; Imai et al., 1983) , hepatocytes ; Thomas et al., 1983; Creba et al., 1983) , parotid gland (Weiss et al., 1982; Downes & Wusteman, 1983; Berridge et al., 1983) , superior cervical sympathetic ganglia , lacrimal acinar cells (Godfrey & Putney, 1984) , exocrine pancreas (Putney et al., 1983) , insect salivary glands (Berridge, 1983; Berridge et al., 1983) pituitary cells (Rebecchi & Gershengorn, 1983 ) that enhanced PI labelling probably reflects receptor stimulation of the breakdown of polyphosphoinositide rather than PI, through activation of phosphoinositide phosphodiesterase . Berridge et al. (1982) found that the presence of Li+ led to the accumulation of inositol 1-phosphate in brain or parotid slices, most probably due to the inhibition of inositol 1-phosphatase by Li+ (Allison & Blisner, 1976; Sherman et al., 1981) . They suggested that Li+ can therefore be used to amplify the primary step of phosphoinositide breakdown after receptor stimulation.
In the present paper we report the effect of carbachol on PI turnover and polyphosphoinositide breakdown in the guinea-pig ileum in the presence of Li+. We show that carbachol stimulates the accumulation of inositol phosphates, which most probably arise from breakdown of polyphosphoinositides, and that this effect is amplified in the presence of Li+. (Berridge et al., 1982 . The identity of the inositol phosphates was further characterized by ascending paper chromatography (Sequi et al., 1966) on Whatman no. 3 paper (20cm) with propanol/NH3 (sp.gr. 0.88)/water (5:4:1, by vol.) (Grado & Ballou, 1961) . Inositol phosphate spots were identified by amolybdate sprayreagent (inositol 2-phosphate and inositol hexakisphosphate controls) or by counting 3H radioactivity in lcmx 1.5cm strips after soaking in 1 ml of water with continuous shaking overnight and addition of ACS scintillation fluid.
Results
In preliminary results we found that 98% of the total [3H]inositol label after carbachol stimulation was incorporated into inositol lipids. Therefore
[3H]inositol incorporation was routinely determined in the total-lipid fraction. Carbachol (0.1 mM) increased the incorporation of [3H]inositol, which was completely blocked by 16 UMatropine (Table 1 ).
The effect of carbachol on the accumulation of inositol phosphates was examined in the presence of 10mM-LiCl for 60min, according to the conditions previously used by and Berridge et al. (1982) . Linear inositol phosphate accumulation was observed after a lag period of 5 min (results not shown). In the presence of Li+, 0.1 mM-carbachol produced a 20-fold higher accumulation of radioactivity compared with the effect of carbachol or Li+ alone ( Table 2 ). The cal plots was 2-lOM (range in two separate experiments). The response to 1O UM-or 100 UMcarbachol was blocked by the muscarinic antagonist atropine (6.4pM) (Fig. 1) , suggesting that the response results from muscarinic-receptor stimulation.
Less than 20% of the inositol phosphate radioactivity that accumulated after incubation of guinea-pig ileum with carbachol and Li+ was eluted in a peak corresponding to inositol monophosphate (Table 3 ). The remainder, eluted with higher-ionic-strength solutions, corresponled to about 50% inositol bisphosphate and around 24% inositol trisphosphate (Table 3) . Accumulation of both inositol poly-and mono-phosphate was confirmed in four other experiments by an ionexchange-column method and by paper chromatography (results not shown). Although the absolute proportions varied somewhat according to the method used, probably due to differences in sample-processing time, in no case was the content of inositol monophosphate determined by ionexchange greater than that of inositol polyphosphate.
Vol. 223 0 Muscarinic agonists, including carbachol and cis-1,3-dioxolanes, produce a biphasic contraction of the guinea-pig ileum longitudinal smooth muscle (Chang & Triggle, 1973; James-Kracke & Roufogalis, 1981) that is mediated by the mobilization of Ca2+. The pools of Ca2+ mobilized by the phasic and tonic components of the contraction appear, however, to be different (Chang & Triggle, 1973; Rangachari et al., 1982 (Michell, 1982) , the inositol phosphate products of phosphoinositide breakdown were separated by ion-exchange chromatography. Although the accumulation of inositol phosphates by 0.1 mM-carbachol was greatly enhanced by the presence of 10mM-Li+ (Table 2) , even after 30-60min incubation with 0.1 mM-carbachol only a small portion (17%) of the inositol phosphate accumulated corresponded to inositol monophosphate, whereas, of the remainder, two-thirds corresponded to inositol bisphosphate and onethird to inositol trisphosphate (Table 3) . A similar increase of inositol bis-and tris-phosphate with 1 mM-carbachol was observed by Downes & Wusteman (1983) in rat parotid glands in the absence of Li+ and to a lesser extent by Godfrey & Putney (1984) after stimulation of rat lacrimal acinar cells by 0.1 mM-carbachol for 30min in the presence of 10mM-Li+. Taken together with those from recent experiments on other tissues, the present results suggest that muscarinic-receptor stimulation in the longitudinal muscle of the guinea-pig ileum is accompanied by polyphosphoinositide breakdown. The products of this breakdown, inositol bis-or tris-phosphate, were found to be elevated even after 30-60min incubation, probably reflecting continued breakdown and re-synthesis of polyphosphoinositides (Aub & Putney, 1984) . It is not possible to conclude decisively from these experiments whether the accumulation of inositol phosphates in the presence of Li+ is due solely to the known inhibition by Li+ of myo-inositol 1-phosphatase (Allison & Blisner, 1976; Sherman et al., 1981; Berridge et al., 1982) or to the additional inhibition by Li+ of inositol bis-and tris-phosphatase recently described in hepatocytes (Thomas et al., 1984) . However, the present results are consistent with recent studies suggesting that receptor-mediated breakdown of polyphosphoinositides in the plasma membrane is an early event in the coupling of receptor occupation to Ca2+ mobilization (see Michell, 1982) , especially since the ED50 of carbachol-stimulated inositol phosphate accumulation (Fig. 1) is similar to the IC50 for muscarinic-receptor occupation in the guineapig ileum (Furchgott & Burtszyn, 1967) . The nature of the mediator or mediators associated with Ca2+ mobilization in the ileum remains to be determined.
